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(54) SEMICONDUCTOR LASER DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a useful 
semiconductor laser device which has a clad layer that 
is sufficiently enhanced in forbidden band width, so as to 
restraind useless current induced by carrier leakage 
from an active layer into the clad layer and lessen in 
operating current by a method wherein the clad layer is 
made to contain AL 

SOLUTION: A semiconductor laser device is equipped 
with a first conductivity-type first clad layer 2, an active 
layer 5, and a second conductivity- type second clad 
layer 7 formed on a first conductivity-type GaAs 
substrate 1, a mesa stripe 9 formed in a region which 
comprises the active layer 5 and the second clad layer 
7, and a first, a second, and a third current stop layer, 
10, 11, and 12, provided outside the mesa stripe 9, 
wherein the active layer 5 is formed of Al-free InGaAsP, 
and the clad layers 2 and 7 contain AL A first guide layer 
4 and a second guide layer 6 which are smaller than the 
clad layers 2 and 7 in forbidden band width or a 

protecting layer 3 smaller than the first clad layer 2 in forbidden band width is provided. 




* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]On a GaAs substrate of the 1st conductivity type, it is the 1st cladding layer of the 1st 
conductivity type at least. 
An active layer. 

It has the 2nd cladding layer of the 2nd conductivity type, a field which contains said active layer 
and the 2nd cladding layer at least consists of a mesa-like field, and it is a current blocking area 
in the exterior of this mesa-like field. 

It is the semiconductor laser element provided with the above, said active layer comprises 
InGaAsP which does not contain aluminum, and said 1st and 2nd cladding layer contains 
aluminum at least. 

[Claim 2]A semiconductor laser element which provides the 1st and 2nd guide layer whose 
forbidden-band width is smaller than the 1st and 2nd cladding layer respectively in both sides of 
said active layer in the semiconductor laser element according to claim 1, and is characterized 
by things. 

[Claim 3]A semiconductor laser element which provides a protective layer whose forbidden-band 
width is smaller than the 1st cladding layer on the 1st cladding layer in the semiconductor laser 
element according to claim 1 or 2, and is characterized by things. 

[Claim 4]A semiconductor laser element which forbidden-band width of said protective layer 
abbreviates to forbidden-band width of said active layer, is in the semiconductor laser element 
according to claim 3, and is characterized by things. 

[Claim 5]In the semiconductor laser element according to claim 1, 2, 3, or 4, at least a current 
blocking area of the exterior of said mesa-like field The 1st current blocking layer, A 
semiconductor laser element, wherein it has the 2nd current blocking layer formed in the outside 
of this 1st current blocking layer, forbidden-band width of said 1st current blocking layer is larger 
than forbidden-band width of said active layer and forbidden-band width of said 2nd current 
blocking layer is smaller than forbidden-band width of said active layer. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the semiconductor laser element used for an 

optical disc, a laser beam printer, optical transmission, etc. 

[0002] 

[Description of the Prior Aiijln the semiconductor laser element used for an optical disc, a near- 
infrared wavelength range (lambda= 0.75-0.88 micrometer) is generally used so that it can 
condense to fine spot with a lens. Therefore, on a GaAs substrate, the aluminum x Ga 1 _ x As active 

layer (x= 0.01-0.20) which comprises double hetero structure is formed, and stripe geometry is 
used for current and optical confinement. In order to reduce the actuating current of the 
semiconductor laser for optical discs, the laser of the embedding hetero structure which formed 
the mesa stripe in the field containing an active layer, grew by having embedded by the 
semiconductor layer and formed the hetero-junction is proposed until now. 
[0003]It embeds at drawing 6 and the conventional example of the laser of hetero structure is 
shown. On n-GaAs substrate 1, n-aluminum x Ga 1 _ x As. (x= 0.3-0.35) The 1st cladding layer 2, n- 

aluminurn^Ga^g As. (xg=0.25-0.3) The guide layer 4, the aluminum xl Ga 1 _ xl As (x1=0.01-0.06) 

active layer 5, and the 2nd cladding layer 7 of p-aluminum^Ga^^As (x2=0.35-0.4) are grown up, 

The mesa stripe 9 in which even the substrate 1 reaches the growth phase containing the active 
layer 5 is formed, Growth of the 1st current blocking layer 10 of p-aluminum x3 Ga 1-x3 As 

(x3=0.27-0.32) and the 2nd current blocking layer 1 1 of n-aluminum^Ga^^As (x3=0.27-0.32) is 

performed to the exterior of the mesa stripe 9, The Si0 2 film 32 is selectively formed in the 

mesa stripe 9 surface in addition to Zn diffused layer 31 and the mesa stripe surface, and the 
electrodes 14 and 15 are formed in the growth phase surface the substrate 1 side. 
[0004]Oscillation threshold current of 20 mA is reported by this conventional example. 
[0005]In this conventional example, a carrier can be efficiently confined in active layer 5 inside 
by the hetero-junction of the active layer 5 which comprises the mesa-like stripe 9, and the 
embedded layers 10 and 1 1 of the exterior. Therefore, the increase of actuating current by the 
carrier injected into the inside of the active layer 5 being spread out of a luminous region can be 
prevented, and reduction of actuating current is attained. 
[0006] 

[Problem(s) to be Solved by the Invention]In the semiconductor laser element of a conventional 
example, the double hetero structure containing the AIGaAs active layer 5 is grown up on GaAs 
substrate 1, and the mesa stripe 9 is formed in the field which contains the active layer 5 in the 
atmosphere. Since aluminum is included in the active layer 5, the active layer of a mesa flank 
oxidizes. Since removal of oxygen of the active layer 5 of the mesa stripe 9 side is difficult when 
embedding the exterior of the mesa stripe 9 by a semiconductor layer and forming terrorism 
junction in double, the nonluminescent recombination level resulting from oxidation is formed in 
the active layer 5 near a joining interface. If carrier injection is performed to the active layer 5 
and laser oscillation is produced in this state, in order that a carrier may carry out 



nonluminescent recombination, in the active layer 5 of the mesa stripe 9 side, the reactive 
current which does not contribute to laser oscillation will occur. On the basis of the 
nonluminescent recombination level formed during energization at the active layer 5 of the mesa 
stripe 9 side, a crystal defect occurs and the further increase of the reactive current arises. 
[0007] 

[Means for Solving the Problem]In order to solve an aforementioned problem, a semiconductor 
laser element of this invention, On a GaAs substrate of the 1st conductivity type, at least The 
1st cladding layer of the 1st conductivity type, In a semiconductor laser element which equips 
the exterior of this mesa-like field with a current blocking area by having an active layer and the 
2nd cladding layer of the 2nd conductivity type, and a field which contains said active layer and 
the 2nd cladding layer at least consisting of a mesa-like field, Said active layer comprises 
InGaAsP which does not contain aluminum, and said 1st and 2nd cladding layer contains 
aluminum at least. 

[0008]In the above, a protective layer whose forbidden-band width is smaller than the 1st 
cladding layer may be provided on the 1st cladding layer at the 1st and 2nd guide layer whose 
forbidden-band width is smaller than the 1st and 2nd cladding layer respectively, or a pan at 
both sides of said active layer. 

[0009]Abbreviate forbidden-band width of said protective layer to forbidden-band width of said 
active layer, it is, and its things are desirable, and at least a current blocking area of the exterior 
of a mesa-like field The 1st current blocking layer, It has the 2nd current blocking layer formed 
in the outside of this 1st current blocking layer, forbidden-band width of said 1st current 
blocking layer is larger than forbidden-band width of said active layer, and, as for forbidden-band 
width of said 2nd current blocking layer, it is desirable that it is smaller than forbidden-band 
width of said active layer. 

[0010]By providing an active layer which comprises InGaAsP which does not contain aluminum 
on a GaAs substrate as mentioned above, the semiconductor laser element of this invention can 
control generating of the reactive current resulting from oxidation of aluminum on the surface of 
an active layer of the mesa stripe side, and can aim at reduction of actuating current. By 
considering it as a layer which contains aluminum in a cladding layer simultaneously, forbidden- 
band width of a cladding layer is enlarged enough, and generating of the reactive current 
resulting from beginning to leak from an active layer to a cladding layer can be controlled. 
[0011]By adjoining an active layer and providing a guide layer whose forbidden-band width is 
smaller than a layer in which Al composition ratio is smaller than the 1st and 2nd cladding layer 
or a layer which does not contain aluminum, i.e., each cladding layer, Generating of the reactive 
current resulting from oxidation of aluminum on the surface of a guide layer of the mesa stripe 
side is controlled, and reduction of actuating current can be aimed at. 

[0012]If a protective layer whose forbidden-band width is smaller than the 1st cladding layer is 
provided at the bottom of a mesa stripe on a protective layer in which Al composition ratio is 
smaller than the 1st cladding layer or a protective layer which does not contain aluminum, i.e., 
the 1st cladding layer, Generating of the reactive current resulting from oxidation of aluminum 
can be controlled, and reduction of actuating current can be aimed at. 
[0013]This protective layer can give a function of an etching stopping layer at the time of 
formation of a mesa stripe, can control precisely thickness of an embedding growth phase of the 
mesa stripe exterior, and is useful. 

[0014]ln a semiconductor laser element of this invention, by [ abbreviation etc. spread 
forbidden-band width of a protective layer on forbidden-band width of an active layer ] setting 
up, an effect of a saturable absorption layer can be given to a protective layer, and reduction of 
returned light noise by sell^oscillation can be aimed at. 

[0015]When a protective layer which has the saturable absorption effect exists only in an inside 
of a stripe, the saturable absorption effect decreases and seH^oscillation becomes difficult to 
happen by saturation of a carrier generated by optical absorption. On the other hand, if a 
protective layer which has the saturable absorption effect as mentioned above is made to exist 
in an inside of a stripe, and the exterior, a carrier further generated by optical absorption inside a 
stripe can be efficient, and it can be spread in the stripe exterior. For this reason, it is hard to 



produce absorption saturation of a carrier, and self-oscillation happens easily. When a protective 
layer which has the saturable absorption effect exists only in an inside of a stripe, optical 
absorption of basic horizontal microfiche increases and a mixture oscillation of high order 
horizontal microfiche takes place. On the other hand, since the profit of an active layer inside a 
stripe is large, a selection oscillation of basic horizontal microfiche can be made for basic 
horizontal microfiche and high order horizontal microfiche to be simultaneously influenced by 
optical absorption, if a protective layer which has the above-mentioned saturable absorption 
effect is made to exist in an inside of a stripe, and the exterior similarly, but to cause. 
[0016]In a semiconductor laser element of this invention, forbidden-band width of the 1st 
current blocking layer of a current blocking area of the exterior of a mesa stripe is larger than 
forbidden-band width of an active layer, and it is good for forbidden-band width of the 2nd 
current blocking layer of the exterior of the 1st current blocking layer to make it smaller than 
forbidden-band width of an active layer. That is, when basic horizontal microfiche is generally 
compared with high order horizontal microfiche, the high order horizontal microfiche of a spread 
of the stripe exterior is larger. Then, by constituting as mentioned above, compared with basic 
horizontal microfiche, it becomes easy to be influenced by optical absorption in the 2nd current 
blocking layer, therefore a fundamental transverse mode oscillation with little optical absorption 
happens, and the high order horizontal microfiche can realize a practically important fundamental 
transverse mode oscillation. 
[0017] 

[A mode of implementation of an invention] Hereafter, an example of this invention is described. 
[001 8]A sectional view of a semiconductor laser element of Example 1 is shown in example 1 
drawing 1 . 

[0019]On p-GaAs substrate 1, the 1st cladding layer 2 (1.2 micrometers of thickness) of p- 
aluminum 0 6 Ga 0 4 As, The p-GaAs protective layer 3 (0.007 micrometer of thickness), the 

undoped I n o.48^ a 0 52 P 1st guic,e ,ayer 4 micrometer of thickness), The undoping 

In 0.35 Ga 0.65 As 0.40 P 0.60 d ' stortion quantum well active layer 5 (0.005 micrometer of thickness), 

The undoped I n o48 Ga 0 52 P ^ guide layer 6 (0.01 micrometer of thickness), The 2nd cladding 

layer 7 (1.2 micrometers of thickness) of n-aluminum 06 Ga 04 As, The n-GaAs cap layer 8 (0.1 

micrometer of thickness) is grown up by metal-organic chemical vapor deposition (the MOCVD 
method) one by one, etching is stopped on the p-GaAs protective layer 3 surface by selective 
etching, and the mesa stripe 9 (base width of 1 micrometer) is formed. 

[0020]The 1st current blocking layer 10 (0.2 micrometer of thickness) of n-aluminum 06 Ga 04 As, 

the 2nd current blocking layer 11 (0.6 micrometer of thickness) of p-GaAs, and the 3rd current 
blocking layer 12 (0.5 micrometer of thickness) of n-GaAs are grown up by the MOCVD method 
one by one so that the outside of the mesa stripe 9 may be embedded. 

[0021]n-GaAs contact layer 13 (2 micrometers of thickness) is grown up by the MOCVD method 
so that the n-GaAs cap layer 8 and the 3rd current blocking layer 1 2 of n-GaAs may be 
embedded. 

[0022]The p type electrode 14 and the n type electrode 15 are formed in the p-GaAs substrate 
1 surface and the n-GaAs contact layer 13 surface. Cavity length is adjusted to 100 
micrometers, and reflectance of an optical outgoing radiation side edge of a resonator edge face 
forms an aluminum 2 0 3 film and a Si film so that reflectance on the backside may be 65% 30%. 

[0023]When forward voltage is impressed between the p type electrode 14 and the n type 
electrode 15 with an element of this example, slope efficiency 1.0 W/A of an oscillation 
wavelength of 0.78 micrometer, threshold current of 0.5 mA, and the current-optical power 
characteristic and actuating current of 3 mW of optical power are 3.5 mA. When change of 
actuating current in 70 ** of ambient temperature and 3 mW of fixed optical power is 
investigated, running time in which actuating current increases 20% of the first stage is 10000 
hours or more. Synchrotron radiation of an element of this example is a circular beam of single 
Mine of 25 radiation angles parallel to pn junction, and 25 vertical radiation angles, and has 



realized basic horizontal microfiche operation. Returned light noise of an element of this example 
is a less than standard needed for an optical disk unit, i.e., -130 dB/Hz, and can be enough 
applied to an optical disk unit 

[0024]An oscillation wavelength of 0.78 micrometer is obtained by consisting of the above 
composition, forming the InGaAsP active layer 5 which carries out lattice matching to GaAs on 
p-GaAs substrate 1 in an element of this example, and adjusting composition ratio of the active 
layer 5. In order to use for the cladding layers 2 and 7 AIGaAs with forbidden-band width bigger 
300 or more meV than the active layer 5 which contains aluminum at least, generating of the 
reactive current by carrier leak to the cladding layers 2 and 7 from the active layer 5 can be 
controlled. 

[0025]In an element of this example, the p-GaAs protective layer 3 of the bottom of the mesa 
stripe 9 is further formed of the InGaAsP active layer 5 of the side of the mesa stripe 9, the 1st 
guide layer 4 of InGaP, the 2nd guide layer 6 of InGaP, and a semiconductor layer that does not 
contain aluminum altogether. Then, when forming the mesa stripe 9 in the atmosphere, 
combination with oxidation resulting from aluminum, i.e., aluminum, and oxygen can be controlled, 
although composing elements other than aluminum of each class are Ga, As, In, and P and 
oxygen in the atmosphere and combination take place, the combination is markedly boiled 
compared with aluminum, and is completely weakly uninfluential in practice. 
[0026]A case of the InGaAsP active layer 5 of this example compares with the conventional 
AIGaAs active layer, Since it is hard to produce pinning of a Fermi level inside an InGaAsP active 
layer in a re-growing interface of the mesa stripe side, or an interface with an end face reflection 
film, surface recombination of a carrier is controlled and reduction of actuating current and 
improvement in reliability accompanying reactive current control are attained. 
[0027]furthermore — an element of this example — forbidden-band width of the protective layer 
3 — forbidden-band width of the active layer 5, and abbreviation — it has set up equally. 
Therefore, in this example, since the protective layer 3 has the saturable absorption effect, self- 
oscillation happens and returned light noise can be reduced. Since the protective layer 3 exists 
in stripe 9 inside and the exterior, a carrier generated by optical absorption of stripe 9 inside is 
efficiently spread in the exterior of the stripe 9. For this reason, in the protective layer 3, it is 
hard to produce absorption saturation of a carrier, self^oscillation happens easily to increase of 
optical power, and the low noise characteristic can be realized. In an element of this example, 
since the protective layer 3 which has the saturable absorption effect exists in an inside and the 
exterior of the mesa stripe 9, basic horizontal microfiche and high order horizontal microfiche are 
simultaneously influenced by optical absorption, but since the profit of an active layer inside a 
stripe is large, a selection oscillation of basic horizontal microfiche is attained. 
[0028]In an element of this example, forbidden-band width of the 1st current blocking layer 10 of 
a current blocking area of the exterior of the mesa stripe 9 is larger than forbidden-band width 
of the active layer 5, and forbidden-band width of the 2nd current blocking layer 11 of the 
exterior of the 1st current blocking layer 10 is smaller than forbidden-band width of the active 
layer 5. If basic horizontal microfiche is compared with high order horizontal microfiche, the high 
order horizontal microfiche of a spread to the stripe 9 exterior will be larger, and high order 
horizontal microfiche will become easy to be influenced by optical absorption in the 2nd current 
blocking layer 11 compared with basic horizontal microfiche. Therefore, a fundamental transverse 
mode oscillation with little optical absorption breaks out, and a practically important fundamental 
transverse mode oscillation can be realized. 

[0029]A sectional view of a semiconductor laser element of Example 2 is shown in example 2 
drawing 2 . 

[0030]On n-GaAs substrate 1, the n-(aluminum 05 Ga 05 ) 05 In 05 P 1st cladding layer 2 (1.2 

micrometers of thickness), The undoping In 0 23 Ga 0 77 As 0 57 P 0 43 active layer 5 (0.07 micrometer 

of thickness), The p-(aluminum 05 Ga 05 ) 05 In Q5 P 2nd cladding layer 7 (1.2 micrometers of 

thickness), The p-GaAs cap layer 8 (0.7 micrometer of thickness) is grown up by molecular beam 
epitaxy (MBE technique) one by one, etching is stopped on the InGaAsP active layer 5 surface 
by selective etching, and the 2-micrometer-wide mesa stripe 9 is formed. 



[0031]So that the outside of the mesa stripe 9 may be embedded The p-(aluminum 04 Ga 06 ) 

0 5 In 0 5 P 1st current blocking layer 10 (0.6 micrometer of thickness), The 2nd current blocking 

layer 11 (0.6 micrometer of thickness) of n-GaAs and the 3rd current blocking layer 12 (0.7 
micrometer of thickness) of p-GaAs are grown up by the MOCVD method one by one. p-GaAs 
contact layer 13 is grown up to be the surface of the p-GaAs cap layer 8 and the 3rd current 
blocking layer 12 of p-GaAs by the MOCVD method. The n type electrode 14 and the p type 
electrode 15 are formed in the n-GaAs substrate 1 surface and the p-GaAs contact layer 13 
surface. Cavity length is adjusted to 200 micrometers by a cleavage method, and an 
aluminum 2 0 3 film is formed so that reflectance of a resonator edge face may be 30%. 

[0032]When forward voltage is impressed between the n type electrode 14 and the p type 
electrode 15 with an element of this example, slope efficiency 0.6 W/A of an oscillation 
wavelength of 0.78 micrometer, threshold current of 2 mA, and the current-optical power 
characteristic and actuating current of 3 mW of optical power are 6.5 mA. When change of 
actuating current in 80 ** of ambient temperature and 3 mW of fixed optical power is 
investigated, running time in which actuating current increases 20% of the first stage is 10000 
hours or more. Synchrotron radiation of an element of this example is 15 radiation angles parallel 
to pn junction, and 25 vertical radiation angles. In an element of this example, the InGaAsP 
active layer 5 of the side of the mesa stripe 9 is formed of a semiconductor layer which does not 
contain aluminum. Then, when forming the mesa stripe 9, oxidation in the atmosphere resulting 
from aluminum, i.e., combination with aluminum and oxygen, can be controlled. Composing 
elements other than aluminum of an active layer are Ga, As, In, and P, and a nonluminescent 
recombination level by oxidation is made very small for the same reason as the above at a re- 
growing interface of the InGaAsP active layer 5 of the mesa stripe 9 side. 

[0033]The 1st and 2nd cladding layer 2 and 7 contains aluminum by , , ~ \n C In n nP, A 

valummumQ ^uaQ gJU.o O.o 

difference of a band gap with the active layer 5 is dramatically large, and controls ** for leakage 
**** of carrier leak to the cladding layers 2 and 7 from the active layer 5 enough, Aggravation of 
the reactive current by nonluminescent recombination of a carrier in the active layer 5 of the 
mesa stripe 9 side and reliability by crystal defect generating can be controlled, and the low 
current characteristic is obtained. 

[0034]A sectional view of a semiconductor laser element of Example 3 is shown in example 3 
drawing 3 . 

[0035]On p-GaAs substrate 1, the 1st cladding layer 2 (2.0 micrometers of thickness) of p- 
aluminum 0 5 Ga 0 5 As, The n ~I n o60^ a 0 40^ s 0 18^0 82 P rotect ' ve ' a yer 3 (0.02 micrometer of 
thickness), The 1st guide layer 4 (0.01 micrometer of thickness) of undoped 
aluminum 0 25 Ga 0 75 As, Undoping I n 0 .35 Ga o.65 As 0.40 P 0.60 we " layer ^°- 01 milometer of thickness) 
Three layers and a undoped In 0 .48 Ga 0.52 P barrier la y er (0-007 micrometer of thickness) The 
distorted multiplex quantum well active layer 5 which arranges two-layer by turns, the 2nd guide 
layer 6 of undoped aluminum 025 Ga 075 As, the 2nd cladding layer 7 (1.5 micrometers of thickness) 

of n-aluminum 0 5 Ga 0 5 As t p-GaAs contact layer 13 (0.1 micrometer of thickness) is grown up by 

the MOCVD method one by one, etching is stopped on the n-InGaAsP protective layer 3 surface 
by selective etching, and the 3-micrometer-wide mesa stripe 9 (base width of 1 micrometer) is 
formed. 

[0036]Alternative embedding growth of the high resistance AllnP layer 21 and the p-GaAs 
flattening layer 22 of an oxygen dope is carried out at the outside of the mesa stripe 9. The p 
type electrode 14 and the n type electrode 15 are formed in the p-GaAs substrate 1 surface, 
the n-GaAs contact layer 13 surface, and the p-GaAs flattening layer 22 surface. Cavity length 
is adjusted to 375 micrometers by a cleavage method, and an aluminum 2 0 3 film and a Si film are 

formed so that it may become 75% about reflectance of an opposite hand 12% in reflectance of a 
resonator edge face by the side of optical outgoing radiation. 

[0037]When forward voltage is impressed between the p type electrode 14 and the n type 



electrode 15 with an element of this example, slope efficiency 1.0 W/A of an oscillation 
wavelength of 0.78 micrometer, threshold current of 5 mA, and the current-optical power 
characteristic and actuating current of 35 mW of optical power are 40 mA. When change of 
actuating current in 70 ** of ambient temperature and 35 mW of fixed optical power is 
investigated, running time in which actuating current increases 20% of the first stage is 5000 
hours or more. Synchrotron radiation of an element of this example is 12 radiation angles parallel 
to pn junction, and 24 vertical radiation angles. Although this example is characteristic at a point 
which constitutes current ****** by the high resistance AllnP layer 21 and the p-GaAs 
flattening layer 22 of an oxygen dope, the completely same operation and effect as Example 1 
can be acquired also with an element of this example. 

[0038]A sectional view of a semiconductor laser element of Example 4 is shown in example 4 
drawjng_4. 

[0039]On n-GaAs substrate 1, the 1st cladding layer 2 (1.2 micrometers of thickness) of n- 
aluminum 05 Ga 05 As, the n-InGaP protective layer 3 (0.01 micrometer of thickness), and undoped 

In __ the 0 60 Ga 0 40 As 0 18 P 0 82 * st guic * e ,ayer 4 ^°' 02 micrometer of thickness), undoped — the 
In 052 Ga 048 As 022 P 078 distortion quantum well active layer 5 and undoped In __ the 

0 60 Ga 0 4 As 018 P 0 82 2nd guide layer 6 ^°" 02 micrometer of thickness). The 2nd cladding layer 7 
(1.2 micrometers of thickness) of n-aluminum 05 Ga 05 As, The p-GaAs cap layer 8 (0.1 

micrometer of thickness) is grown up by a gas sauce MBE technique one by one, etching is 
stopped on the n-InGaP protective layer 3 surface by selective etching, and the 2-micrometer- 
wide mesa stripe 9 is formed. 

[0040]The polyimide embedded layer 24 for the SiN dielectric 23 and surface flattening is formed 
for current inhibition on the outside of the mesa stripe 9. 

[0041]The n type electrode 14 and the p type electrode 15 are formed in the n-GaAs substrate 

1 surface and the p-GaAs cap layer 8 surface. Cavity length is adjusted to 1 50 micrometers, and 
an aluminum 2 0 3 film is formed so that reflectance of a resonator edge face may be 30%. 

[0042]When forward voltage is impressed between the n type electrode 14 and the p type 
electrode 15 with an element of this example, slope efficiency 0.6 W/A of an oscillation 
wavelength of 0.78 micrometer, threshold current of 1.0 mA, and the current-optical power 
characteristic and actuating current of 3 mW of optical power are 6.0 mA. When change of 
actuating current in 70 ** of ambient temperature and 3 mW of fixed optical power is 
investigated, running time in which actuating current increases 20% of the first stage is 10000 
hours or more. Synchrotron radiation of an element of this example is 15 radiation angles parallel 
to pn junction, and 25 vertical radiation angles. 

[0043]An element of this example only differs in an operation in a current blocking area portion, 
and an effect, and others are the same as that of Example 1. An element of this example has an 
advantage producible with 1 time of crystal growth. Therefore, re-diffusion of a dopant resulting 
from performing crystal growth for current blocking layer formation can be controlled, and 
generating of the reactive current resulting from re-diffusion can be controlled. 
[0044]A sectional view of a semiconductor laser element of Example 5 is shown in example 5 
drawing 5 . 

[0045]On p-GaAs substrate 1, the 1st cladding layer 2 (0.6 micrometer of thickness) of p- 
aluminum 05 Ga 05 As, The p-aluminum 0 14 Ga Q86 As protective layer 3 (0.2 micrometer of 

thickness), The P"In 0 5 Ga 0 5 P 1st guide ,ayer 4 micrometer of thickness), The undoping 
In 025 Ga 075 As 05 OP 050 active layer 5 (0.05 micrometer of thickness), The 2nd cladding layer 7 
(1.2 micrometers of thickness) of n-aluminum 05 Ga 05 As, The p-GaAs cap layer 8 (0.2 

micrometer of thickness) is grown up by the MOCVD method one by one, etching is stopped on 
the p-AIGaAs protective layer 3 surface by selective etching, and the mesa stripe 9 (base width 
of 1 micrometer) is formed. 

[0046]The 1st current blocking layer 10 (0.2 micrometer of thickness) of n-aluminum 0 6 Ga 0 4 As, 



the 2nd current blocking layer 1 1 (0.6 micrometer of thickness) of p-GaAs, and the 3rd current 
blocking layer 12 (0.5 micrometer of thickness) of n-GaAs are grown up by the MOCVD method 
one by one so that the outside of the mesa stripe 9 may be embedded. n-GaAs contact layer 13 
(2 micrometers of thickness) is grown up by the MOCVD method so that the n-GaAs cap layer 8 
and the 3rd current blocking layer 12 of n-GaAs may be embedded. The n type electrode 14 and 
the p type electrode 15 are formed in the p-GaAs substrate 1 surface and the n-GaAs contact 
layer 13 surface. Cavity length is adjusted to 200 micrometers, and an aluminum 2 0 3 film and Si 

are formed so that reflectance of a resonator edge face may be 65%. 

[0047]When an element of this example impresses forward voltage between the n type electrode 
14 and the p type electrode 15, slope efficiency 0.8 W/A of an oscillation wavelength of 0.78 
micrometer, threshold current of 1.0 mA, and the current-optical power characteristic and 
actuating current of 3 mW of optical power are 4.8 mA. When change of actuating current in 70 
** of ambient temperature and 3 mW of fixed optical power is investigated, running time in which 
actuating current increases 20% of the first stage is 10000 hours or more. Synchrotron radiation 
of an element of this example is 15 radiation angles parallel to pn junction, and 25 vertical 
radiation angles. 

[0048]Although it is a case where aluminum is contained in the protective layer 3, in an element 
of this example, since there are few degrees of oxygen in the atmosphere if Al composition 
ratios are 0.12-0.16, it is convenient in an effect that generating of the reactive current can be 
controlled in any way. 

[0049]in addition — an element of this example — forbidden-band width of the protective layer 
3 — the forbidden-band width 5 of an active layer, and abbreviation — it is equal, and like 
Example 1, since the protective layer 3 has a supersaturation absorption effect, seH^oscillation 
happens and returned light noise can be reduced. 

[0050]This invention is not limited to an example described above, and also in thickness other 
than an example, Al composition ratio, and carrier concentration, as long as it has an effect of 
this invention, it is applicable, moreover — a grown method — except for the MOCVD method 
and an MBE technique, and a gas sauce MBE technique — the LPE method and ALE (atomic line 
epitaxy) — also in law, as long as it has an effect of this invention, it is applicable. Although this 
invention described a case of a mesa stripe, it has a mesa-like field circular in addition to it, and, 
also in the case of a surface emission-type laser which emits a laser beam from the surface, can 
apply it. 
[0051] 

[Effect of the InventionjBy providing the active layer which comprises InGaAsP which does not 
contain aluminum on a GaAs substrate, the semiconductor laser element of this invention can 
control reactive current generating resulting from oxidation of aluminum on the surface of an 
active layer of the mesa stripe side, and can aim at reduction of actuating current. 
Simultaneously, in the semiconductor laser element of this invention, by containing aluminum in a 
cladding layer, reactive current generating which forbidden-band width of a cladding layer is 
enlarged enough, and the carrier from an active layer to a cladding layer leaks, and originates in a 
broth can be controlled, and the useful semiconductor laser element which can aim at reduction 
of actuating current can be provided. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]It is a sectional view of the semiconductor laser element concerning Example 1 of 
this invention. 

[Drawing 2] It is a sectional view of the semiconductor laser element concerning Example 2 of 
this invention. 

[Drawing 3] It is a sectional view of the semiconductor laser element concerning Example 3 of 
this invention. 

[Drawing 4] It is a sectional view of the semiconductor laser element concerning Example 4 of 
this invention. 

[Drawing 5]It is a sectional view of the semiconductor laser element concerning Example 5 of 
this invention. 

[Drawing 6] It is a sectional view of the conventional semiconductor laser element. 
[Description of Notations] 

1 GaAs substrate 

2 The 1st cladding layer 

3 Protective layer 

4 The 1 st guide layer 

5 InGaAsP active layer 

6 The 2nd guide layer 

7 The 2nd cladding layer 

10 The 1st current blocking layer 

1 1 The 2nd current blocking layer 

1 2 The 3rd current blocking layer 
21 High resistance layer 

23 Dielectric film 
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[Written amendment] 

[Filing date]September 25 (2003.9.25), Heisei 15 
[Amendment 1] 

[Document to be Amended]Specification 
[Item(s) to be Amended]Claim 
[Method of Amendment]Change 
[The contents of amendment] 
[Claim(s)] 
[Claim 1] 

In a semiconductor laser element which has t he 1st cladding layer of the 1st conductivity type, 
an active layer, and the 2nd cladding layer of the 2nd conductivity type at least on a GaAs 
substrate of the 1st conductivity type, 

Said active layer consists of In 1 -■ x Ga x As 1 _ y P ^ which does not contain aluminum , 

0.48<=x<=0.77 
0.43<=v<=0.78 

A semiconductor laser element which it comes out, and it is, and said 1st cladding layer and said 
2nd cladding layer contain aluminum at least, and is characterized by things. 
[Claim 2] 

On a GaAs substrate of the 1st conductivity type, at least The 1st cladding layer of the 1st 
conductivity type, In a semiconductor laser element which equips the exterior of this mesaHike 
field with a current blocking area by having an active layer and the 2nd cladding layer of the 2nd 
conductivity type, and a field which contains said active layer and the 2nd cladding layer at least 
consisting of a mesa-like field , 

A semiconductor laser element which said active layer comprises InGaAsP which does not 
contain aluminum, and said 1st and 2nd cladding layer contains aluminum at least and is 
characterized by things. 
[Claim 3] 

In a semiconductor laser element which equips the outside of this mesa-like field with a current 



blocking area by having the 1st cladding layer of the 1st conductivity type t an active layer, and 
the 2nd cladding layer of the 2nd conductivity type at least on a GaAs substrate of the 1st 
conductivity type, and a field which contains said 2nd cladding layer at least consisting of a 
mesa-like field , 

A semiconductor laser element which said active layer comprises InGaAsP which does not 
contain aluminum, and said 1st cladding layer and said 2nd cladding layer contain aluminum at 
least and is characterized by things. 
[Claim 4] 

In a semiconductor laser element of any one statement of claim 1 thru/or 3 , 
A semiconductor laser element which provides the 1st and 2nd guide layer whose forbidden- 
band width is smaller than the 1st and 2nd cladding layer respectively in both sides of said active 
layer , and is characterized by things. 
[Claim 5] 

In a semiconductor laser element of any one statement of claim 1 thru/or 4 , 
A semiconductor laser element which provides a protective layer whose forbidden-band width is 
smaller than the 1st cladding layer on the 1st cladding layer , and is characterized by things. 
[Claim 6] 

In the semiconductor laser element according to claim 5, 

A semiconductor laser element which forbidden-band width of said protective layer abbreviates 
to forbidden-band width of said active layer, is. and is characterized by things. 
[Claim 7] 

In the semiconductor laser element according to claim 2 or 3, 

At least a current blocking area of the exterior of said mesa-like field The 1st current blocking 
layer. A semiconductor laser element wherein it has the 2nd current blocking layer formed in the 
outside of this 1st current blocking layer, forbidden-band width of said 1st current blocking layer 
is larger than forbidden-band width of said active layer and forbidden-band width of said 2nd 
current blocking layer is smaller than forbidden-band width of said active layer. 
[The amendment 2] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0007 
[Method of Amendment]Change 
[The contents of amendment] 
[0007] 

[Means for Solving the Problem] 

In a semiconductor laser element to which a semiconductor laser element of this invention has 
the 1st cladding layer of the 1st conductivity type, an active layer, and the 2nd cladding layer of 
the 2nd conductivity type at least on a GaAs substrate of the 1st conductivity type in order to 
solve an aforementioned problem, 

Said active layer consists of In 1 -■ x G a x As 1 , y Py which does not contain aluminum , 

0.48<=x<=0.77 " ~~ J " 

0.43<=y<=0.78 

It comes out and it is and said 1st cladding layer and said 2nd cladding layer contain aluminum 
at least 

At least a semiconductor laser element of this invention on a GaAs substrate of the 1st 
conductivity type The 1st cladding layer of the 1st conductivity type, In a semiconductor laser 
element which equips the exterior of this mesa-like field with a current blocking area by having 
an active layer and the 2nd cladding layer of the 2nd conductivity type, and a field which 
contains said active layer and the 2nd cladding layer at least consisting of a mesa-like field , 
Said active layer comprises InGaAsP which does not contain aluminum, and said 1st and 2nd 
cladding layer contains aluminum at least 

At least a semiconductor laser element of this invention on a GaAs substrate of the 1st 
conductivity type The 1st cladding layer of the 1st conductivity type, In a semiconductor laser 
element which equips the outside of this mesaHike field with a current blocking area by having 
an active layer and the 2nd cladding layer of the 2nd conductivity type, and a field which 



contains said 2nd cladding layer at least consisting of a mesa-like field . 

Said active layer comprises InGaAsP which does not contain aluminum, and said 1st cladding 

layer and said 2nd cladding layer contain aluminum at least 
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7°fl*0. 6W/A, 9ttil^3mWOiil^m»tEti6. 5 
mA-CfcS. #ffl§ttaS8 0'C, -3£3ttU* 3 mWt*J 

it5®]^m»?E©^^p-<5t, nfm^HMi©2o 
%w*i-**ffn*njtti 0 0 0 oi$raw±tfife5o * 

fe, *^J60ll©^^©*#5ttt, P n^cW^© 
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1&m 1 5g, SjfcfrftWftlWS 2 5g?fc5 0 $H5I 
^©H^-eH, Yy^^9(D>Sm<D\ nGaAs 

p?stti5(iA i zsGLtt^tmwmz&vi&f&ziri 

TV^o ^f-^ h 7^7*9 5 1§3\ 

A l ta£BLfc*£*©BHk IP*>A l 

r t 5 0 ffittl© A l K^oiisi 

ftGa, As, In, PX*hV, ME t \Z £ 
<9, h7^7°9{|lJfficD I nGaAs Pfgttl5© 

'>*<^5. 10 
[00 3 3] Hi* £2???K12, 7(± (A 
l.. s Gao.5 ) o.s I no.s PtAl^tU ffittl 5 
£©/<y K^y7©^#$tC7Ct<, ffitt!5^b 

^7>Ki2, 7^©^y^y-^©aftttjt$H--# 

« &fc i 5 if 8ttt©Sft **Mg * 5 r £ # -C t , ffiS«E 
[00 3 4] HIM 3 

H3fc3ttfc«30iN*#i'-- f*^©Wfig0Sr/Tto 20 

[0 0 3 5] p-GaAsSSlit, p-AKs G 
a o. 5 AsI1^7yKi2 (Iff 2 . 0 /z m) , n - I 
no.60 Ga...» Aso.18 P0.82 {£^13 OfffO. 0 2 
Mm) , T V K-^A.l 0.25 G a 0.75 Asf 1W Kl 
4 (IffO. 0 1 Aim) , 7yK-7°Ino.35 Gao. 65 
Aso.4o P0.60 fyzLfl/M (IffO. 0 1 /im, 31) t 
7yK-7"Ino., 8 Gao.5 2 P^!J71(1J¥0. 00 
7 nm s 21) &£ZfcEiIL-Cft55I£l*y-#F?S 
ttl 5 , T> K~7°A 1 0.25 G a 0.75 Asf2W Kl 
6, n-AU.5 Ga„.5 A s % 2 * 5 y Kl 7 (Iff 30 
1. 5nm), p-GaAsny^Ml3 (Iff 
0. l/im) , £Ji#MOCVDj£{cJ;9j&&U 3ft 
^S^^fc.fc'Jn-I nGaAs P^l3^ffi-Cx 
yfy^lrflt^tt, *l3jum©p<t* 1*7^7*9 

Ml urn) £ff^Sct 5 0 

[0036] ;>< h 7 ^ 7° 9 ©*MMfcgfc§& K-7*©iiS 
jgftAl I nPl2 lMp-Ga A s spffl^fcl 2 2 & 
»iRW«»a***t-«. p-GaAslSliltn 
-GaAsny^ Ml 3gffiMp-GaAs?a 

{kl 2 2 ^ffiii P ss® 1 4 1 n mw& 1 5 40 

5c ->#H!ffitJ:9*S*ft*3 7 5/xm^jPHtU 3t 

mw«i!i©*fiSffiffiosit*s: 1 2%, mimmm 

*:7 5%*fc5J:$fcA liO.HRtfS i KtrJRfct 
[00 3 7] *HltW©^f Tf, P 1 4 £ nSl 

tii 5<Dp B itdi£ftmj±MPL/ci§i3\ 3&jgst*o. 

7 8//m, lffitS5mA, t^-fttt};W#tt©*n- 
7°$$ 1 . 0 W/A, ftttiTJ 3 5 mW©Sjf£mSfi4 0 
mAtftS, #HMfi£70°C, -^7titi^3 5 mW(C 
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0 %J**t5*ifi$rafi 5000 £§ro±-efc5 0 * 

fcs xgmmm+vmittt, p nStefcmfriRj© 

ifctt£l2*, Siff^©*JW^2 4*^fc« 0 #HJfe 
Mfi*SPlf§$£$?3rf K-7*©ilSJ£SiA 1 I n PI 2 1 
Wp-Ga AsTOkl2 2\ZlQmi$.LX^Z>&-? 

[0 0 3 8] 

m 4 icnmm 4 ©^jg# u—tf%?(DWtmmz*t<, 

[0 0 3 9] n-GaAsISlit, n-Alo.s Ga 
0.5 A s % 1 * 7 y Kl 2 (II? 1 . 2 n m) , n - I 
nGaP§l|3 (IffO. 0 1//m) , TV K— 7° I 
no.60 G a 0.40 As o.is Po. 82 j|l#VKl4 (Iff 
0. 0 2 nm) , 7^K-7I n 0. 52 G a 0. 48 A s 0. 22 
Po.™ Slitf #7*JSttl 5, 7> K-7° I no.60 G a 

0. 4 As.,, P0.82 J|2^K16 (IV 0. 02 /j 
m) , n-Alo.5 Gao.5 Asl2^7yKi7 (Iff 

1. 2/im) , p-Ga As*-\r$/7*l8 (IffO. 1 
lira) , bffik, y-7sMB Eifefc J: 9 ^ U 3 
jffccyf-J/^fc.fcDn-I nGaP§l|3Sffltiy 
f^^S:fit±$*-C, *l2^m©^t^h 7^7*9^ 

[0 0 4 0] > ^ h 7^ 7° 9 (DMiJ(-€SPfilt£>fc#> 
}iS i N^«^2 3, Sffisp&fbofcfcWjKJM 5 Kffl 
«)3i*l2 4Sr^t5. 

[0 0 4 1] n-GaAsSSlSItp-GaAs^f 
-ir y 7°1 8SItn Slffi 1 4 £ p WW& 1 5 ^ff^i" 
5„ *lg»^Sr 15 0// mlcWSL, #M«ffi<7)ixlt 
m& 3 0 % £ /i5 i 5 IC A 1 2 0 3 Rft»|jl1-« 0 

[0 0 4 2] *3«t«©«^-Tf, n^mS 1 4 £ p WM 

m 1 5 (Drnmnfamfrmto vt.^ iam&o . 

7 8 n m, HiSftflE 1 . 0 mA, SilE-3ttti*#tt©^ 
n-7°?>*0. 6W/A, ft&fiZmWomWmtt. 
6. OmA-CfcSo #ffl^^7 0°C, — ^3fettl73 3 m 

©20 %ii7ct5*tT3#rHifi ioooo i$rasi±-c*) 

*^©*W^ 1 mM%fa(Dttm 2 5«Tf*)5„ 

[0043] *msM©^tts m&ikMtiB&-c0 

[0 0 4 4] HJ!r?!|5 

0 5 {c^JS0iJ 5 U-if ^©BfE@S:*tc 

[0 0 4 5] p-Ga AsSffil±(C, p-Al,, G 
a o.s A s % 1 ? 7 y Kl 2 (Iff 0 . 6 jt m) , p - 
A 1 0.14 G a 0.86 As&8$!3 (1J¥0. 2/im) , p 
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-Inu Ga«. s Pfgl^Kl4 (1J¥0. 6 u 
m) % T'y 1 n«.2s Gaus Asis 0 Po.» ?S 
ttl5 (1JP0. 0 5 Mtn) , n-Alo. 5 Ga„.s As 
£2*7 5/ KJg 7 (IJfl. 2 pm) , p-GaAs^f- 
■YJ/7°18 (li?0. 2 pm) , £)f#U MOCVDft 
SC<fc!Jj&£U IRiyf^iah-AlGaAs 

7° 9 (Hsffil/im) ZMffrfZo 
[0 0 4 6] ^f"^ h7^7°9©^iJ*fflfe^ti'i5 
fc, n-Alo.6 Ga,, A s % 1 t^PfllkJI 1 0 (fJ¥ 10 
0. 2 pm) s p-Ga As^2mSPl±ll 1 (1J¥ 
0. 6 Mm) , n-Ga A s ^ 3 mSPlihJf 1 2 (JfJ¥ 
0. 5 pm) SrJdft, MOCVDifcfcJ:0J&g , t5. n 
-Ga A s^t77*l8, n-GaAs|3 llSPiLltjf 

1 2&ffi&&trJ:5^s n-Ga As Ml 3 
(lJ?2pm) *MOCVDfeK.J:«?J&6lt3. P~G 

aAsSfilSSin-GaAs ny^nil 3^ffi 
nlfeft 14tp IBS 1 5 SrJlMtta. 

2 0 0 jti mfcWS U *Jg8&SBE©Klt*# 6 5 % ft 
5£5t-Al2 0iKfcS i&T&jfctS. 20 

[004 7] *H16«ilO^H, n III 1 4 £ p MM 
til 5(DF^}dI^[6]lE4r^Rtfc^ S8JSS£0. 
78^m, Ifitl. 0mA, mS-fttfl^tt©* 
D-7°?^*0. 8W/A, 3 mWOlMsSli 

4. 8mA-Cfc5„ #11^70^ -£3tatf7 3m 

co 2 0%H*1-57lfTi$l?Btt: 1 0 0 0 0B#F^±-efc 

1 5*, ll*^]OM^ 2 5 
[00 4 8] *£Jfe09©**m fiMM 3 tA 1 §r£ 30 
ffSl^T'fcS^^ A lftfifeJt^O. 12-0. 16 

[0049] 443, *^jfiMo^-cf±, mm 3 ©«| 

»^ffittl<Di«*§ 5 t m L < , 1 * h 

«k» %mm2>i)mMmmh$k^tz>tz.ibKs urn 

[0 0 5 0] ft*b\ #38!fltt, J^i^fc^^^H^ 
fflRlfg-efcSo Sfcs J&ftfe(-O^Tf±, MOCVD& 
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ALE mc&^Xk, #389!© 

*h7^©t§&fco^T&^fc;^ ^ti£W^P3^© 

[0 0 5 1] 

*3MJ0 i N*fl:i'— G a A s 
£K±fcA 1 fc£#bfcVM nGaAs Ptf^J&Sffitt 

gSr^tS^kJcJ;*), h7^7°ilijffi(7)?gttl^ 

SWA i ©s^ktciiEHt3iiasaE*4Sr»*j-c#, n 

KlfcAl &£#t3-k * 
77 Kl©«fflfl«fc+£*t < l/C, SttSa>£>77 
5/ KS^©*+ y -twffllfifc* UciEHt 

^^ij-tt, »#m«t©fi«*siati5#fflft^*#:i^- 

[0ffi©fS5^fttW§] 

[01] ^mmmmiKm^m^—f^<Dm 

[02] *5SW©mtfll2fc««iNW*:W— !P**0llf 

[13] **w©«i«i3fc**i|y»ftw— f^osf 
ffi0T?&3 o 

[04] *«K©H16«l4^5^*frW'-D ! ^©Bf 

[05] *hbj(d^»j5}^5*^i/— mi-m 

E0-Cfe5 o 

[0 6] ^*©^fru-1f*^©BfEig^fc5. 

1 GaAsifi 

2 $ 1 7 7 7 Kl 

3 ft^l 

4 JIl^Kl 

5 InGaAsPgtti 

6 fg2#VKl 

7 ^2 777 Kl 

io w,i wm±M 

1 1 H2«^Plihl 
12 ^31^PI±1 

2 1 ft&ftjg 

23 mmm 
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1 ] 

ilStlWGaAsISlt, '>4<Hll ^*M<Dfg H5y Kli, SttS t > 

flftlBSttlttA 1 S:^t/j!VM n , - v G a , As, - , P. fl> k ft 9 , 

0.48^x^0.77 

O.43^y^0.78 

fe t> . Bltia»1^7yKgjsJ:tJta([BB » 2 ? 7 y K S '> ft < HA 1 ^tlltiS 

[in** 2 1 

IB 1 agttSlDG a A s Sg±tr, /> ft < nil ;jmM<Djg l»7y Fit, SttJi t , 
|2|tSw»2^7y Fl^f I, '> ft < fe'bffi[gaSttli:»2^7y K B tr fi 
« ^ ^ f - ^ « a> g> ft t) , fe^f-^ffi«(Q^8P^aajffiPl.[h^|jgea:flg^-Cft5^^frU"- 
jf ^ ^- jo V ^ T , 

itESttlHAUfl^M nGaAsP^^!), lift BB » 1 , » 2 ? 7 y K g '> ft 

< t a i ^fiu /j 5:U#iit5#l#^fSf. 

[f»#*g 3 ] 

m 1 jflC G a A s gfe±tC, £j£_< t % fg 1 H7yFli:, jg 'ft 1 , 

%2%ggl<PaS2g7y Kit '> ft < fcfclffiflBSg2g7y Kl^^tfW^/» 

#t JgE ft 9 , i^^f-^M^^^1RiJ^»a^Pl±^^griSx.Tft5^^^^-if^^^ 
feV^ T , 

ft? IE S -ft 1 ft A 1 3= ft VM nGaAs P^batl, ilSS 1 ^ 7 y K )j £ iffr IB H 

2 t y y Kltt, /> ft < HA1 ^ttl- t 45w tS:»»tt5fl#:i'-f* : f-„ 

4 ] 

8* * * jjyL3_£*lj^kfr_L2 fc §gjfe ¥ % ft ^ - f * ^ 38 T , 

ijf?fBSttg(Dp5]{RljtC, Ztl^hn 1 , g 2 £ 7 y K_§ J: 9 j fE8 f ftg <D ± ^JlLSJ^ ^2 

# ^ k a £ m tf x ft 5 ^ k zftrnki-z^mttT-vm+o 

[ft 5 ] 

g 1 g 2 Z K Jj<P±Ki, » 1 » 7 y K1J: t) fc^MM-^L^_klMJ-t-lJlXft_i- ^ * 



6 ] 

frffl£^fifc£:h,5»2giffiPl.lfcJifc#lTft>K ffllB^lgaiEIB±a(P^S'Jfflfffittfltf|ajg 

/h £ ^ £ £ j- 5 ¥ % ft -- If & ? . 

I ¥itt*6 jE 2 ] 
[fifjE*r*M£] M# 
[fit!E**&9 i £ ] 0007 
[fitlE^Sc] $i 
I fit IE © 1*1 § ] 
[ 0 0 0 7 ] 

±S»)BSr»*1-5 fc V-tf » 1 ill© G a A s g«± 

jgBSttlttA 1 Sr^tfeV^ I n , - , G a , A s , _ , P . fl> £> ft ») , 

0.48^x^0.77 

0.43^y^0.78 

Tfe "9 , mmmi t ? y FBfe J; t>'ffilE|g 2 ^ 7 y Kltt^&< H A 1 SrHr^ U ft 5 

£ fc , * f§ W <p ¥ 1 ft ^ - If ^ i 1 ft , SlfllQGaAsMii:, 4> ft < Hill 
810lH7y h'li:, g ft « £ , I 2jgao» 2 ^ 7 y Kl S:t L, 4> ft < H 

iESttlHAUf l/^'I nGaAs P^b^>), ffffBjgl, I 2 ^ 7 y FlB^i 

tlc%l^7y Kjj:, Sttg £ , I2sgglg|2^7y 4> ft < H 

£ # £ T ft 5 ¥ 1 ft ^ - If if iM^ T , 
ilBSttlttA 1 gr-a^ftVW nGaAs P a> g> jeft t) , jylBfl ^7y K B J; ft? BB j| 
2 * 7 y KIH ft< HA 1 ^^^LTft5^£Sr#m£1-5c 



